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Summary 

We should expand beyond a narrow (myopic?) 
focus on the equilibrium and near-equilibrium 
properties of the QGP. 

There’s a lot of interesting & fundamental, non-
perturtbative and non-equilibrium QCD that we 
can now investigate systematically using high-
energy heavy ion collisions.   

From PWS at CIPANP 2012, 
“Think Outside the Plasma” 



Three Eras of QCD 

Era I: Perturbative QCD  
Great successes include running of αs and   
evolution of hadron structure functions 

Era II: Thermal QCD   
The QGP state of matter: state -> static -> equilibrium, 
but near-equilibrium (transport) properties are very 
interesting 

Era III: Non-perturbative, Non-thermal QCD 
A big tent! that previous successes now enable us 
to investigate within A+A collisions at RHIC 

Text 
coming 
soon? 

Literally a 
textbook 
subject 



Nuclei 
Hadrons 

QGP 

The Stadard-ish Model 
The Object 

of Study 
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The Object 
of Study 

Necessary but 
messy step 

Troublesome 
inconvenience 

Possible 
probe 
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New Objects 
of Study 



Nuclei QGP 

How/when is initial 
equilibration/entropy 

generation achieved? 

What is the 3+1D 
evolution of the 

collision? 

How well-thermalized is 
the QGP state? 

How are conserved 
quantum numbers 

transported? 

Are there nuclear 
effects at very high Q2? 

Does gluon saturation 
really exist? 

What are the transport/ 
non-equilibrium 

properties of the QGP? 

What happens at 
higher baryon density? 

What is the parton-
medium interaction? 

How does the QGP 
decay? Ie hadronization 

Era II: Thermal 
Era I: Perturbative 

Era III: Non-Perturbative and Non-Thermal 

Hadrons 



QM 

Hydro 
Classical 

An interesting 
waltz of classical 
and quantum… 9 

QM 
QM Classical 



Quantum Fluctuations Made Real	


J.Jia, QM11 

Guo-Liang Ma, QM11 

Initial energy 
density: quantum 
fluctuations from a 

coherent field!

Re-heating/
thermalization!

Relativistic 
hydrodynamics!

Freezout/ 
decoupling!

Final-state 
correlations!

Early Universe Nuclear 
Collsion 

Most Intriguing! 



Theory finally getting interested… 



Recommended reading starting points 



From W. Broniowski at RBRC-OELD 



From R. Fries at RBRC-OELD 



“Club 
Sandwich” 

model 
PWS poster at QM12 
(as yet unpublished) 



From J. Jia at RBRC-OELD 





From W. Li (CMS) at RBRC-OELD 



Forward thoughts 
•  Think outside the plasma!  Initial energy 

deposit and thermalization are a new and 
distinct sub-field of QCD 

•  Longitudinal patterns/correlations provide 
new information on initial event profiles 

• New combined (forward + mid) – rapidity 
instrumentation: calorimetery, tracking, PID 

•  PWS, et.al., toyed for years but nothing solid; 
someone new needs to pick up the trail  



Backup 



Lifted from RV, Cape Town lectures Feb 2012 



From B. Schenke’s talk CIPANP 2012, Friday AM 



Hydro 

Smooth 

Final 
Fluid 

Particles 

Randomness 

Hydro 

Chunky 

Randomness 

Classical 

Initial 
Fluid 

23 



How/when is initial 
equilibration/entropy generation 

achieved? 

What is the 3+1D evolution of 
the collision? 

How well-thermalized is the 
QGP state? 

How are conserved quantum 
numbers transported? 

Vary quark-parton masses 

Low-xBj processes 

Control/vary initial transverse 
distribution 

Control/vary initial longitudinal 
distribution 

Are there nuclear effects at 
very high Q2? 

Does gluon saturation really 
exist? 

Very high-mass secondaries in 
d/p/A+A 

Forward tracking 

Forward calorimetery 

High-statistics A+A 

High-statistics d+A 

What are the transport/ non-
equilibrium properties of the 

QGP? Asymmetric ion collisions 

C/B meson reconstruction 

What happens at higher baryon 
density (incl. phase plane)? 

Low-energy A+A running 

Asymmetric beam-energy A+A 
running 

What is the parton-medium 
interaction? 

Jet triggering 
Full jet reconstruction 

How does the QGP decay? Ie 
hadronization (Di)Jet Pair/Triplet 

reconstruction 

High-precision singles 

Reversed magnetic field 
systematics 

Neutron detection 

Control/vary baryon density 

Control/vary parton energies 

Physics Question Measurement 
Approach 

Detector & Running 
Conditions 

Unhidden Agenda (PWS ca 2010) 


